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Abstract

The identification of viral particles within a tissue specimen requires specific knowl-
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edge of viral ultrastructure and replication, as well as a thorough familiarity with nor-

mal subcellular organelles. The severe acute respiratory syndrome coronavirus
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2 (SARS-CoV-2) pandemic has underscored how challenging the task of identifying
coronavirus by electron microscopy (EM) can be. Numerous articles have been publi-
shed mischaracterizing common subcellular structures, including clathrin- or
coatomer- coated vesicles, multivesicular bodies, and rough endoplasmic reticulum,
Review Editor: Alberto Diaspro as coronavirus particles in SARS-CoV-2 positive patient tissue specimens. To counter
these misinterpretations, we describe the morphological features of coronaviruses
that should be used to differentiate coronavirus particles from subcellular structures.
Further, as many of the misidentifications of coronavirus particles have stemmed
from attempts to attribute tissue damage to direct infection by SARS-CoV-2, we
review articles describing ultrastructural changes observed in specimens from SARS-
CoV-2-infected individuals that do not necessarily provide EM evidence of direct
viral infection. Ultrastructural changes have been observed in respiratory, cardiac,
kidney, and intestinal tissues, highlighting the widespread effects that SARS-CoV-2
infection may have on the body, whether through direct viral infection or mediated

by SARS-CoV-2 infection-induced inflammatory and immune processes.

Highlights
The identification of coronavirus particles in SARS-CoV-2 positive tissues continues
to be a challenging task. This review provides examples of coronavirus ultrastructure

to aid in the differentiation of the virus from common cellular structures.
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1 | INTRODUCTION

to be an important tool for diagnosis and research into the ultrastruc-

tural basis of disease. It is particularly useful when the infectious

The coronavirus disease (COVID-19) pandemic has resulted in a ren-
ewed focus on transmission electron microscopy (EM) as a means of
detecting viral particles within clinical and autopsy specimens. While
the use of EM as a first-line diagnostic method in infectious disease

has waned due to the advent of molecular techniques, EM continues

agent is unknown and has not been detected by molecular or immu-
nological techniques due to test specificity and sensitivity or reagent
choice. For example, EM played a key role in the identification of a
coronavirus as the causative agent of the 2002-2003 severe acute

respiratory syndrome outbreak (Ksiazek et al, 2003). During the
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COVID-19 pandemic, EM has proven valuable in establishing the
extent of direct viral infection in clinical specimens (Dittmayer
et al., 2020; Martines et al., 2020; Meinhardt et al., 2020) as well as
providing insights into the effects of SARS-CoV-2 infection on tissues
throughout the body (Kudose et al., 2020; Sharma et al., 2020).

Since early 2020, EM has been used to attempt to find SARS-
CoV-2 particles in patient tissue specimens. Unfortunately, many of
these studies have misidentified common subcellular structures as
coronavirus particles, leading to confusion and the publication of inac-
curate information. This is most problematic when EM is the only
method used to detect a virus in a particular tissue or when all other
diagnostic methods have yielded negative results. Numerous articles
and letters to the editor have been written to address this ever-
growing problem (Akilesh, Nicosia, et al., 2021; Bullock, Goldsmith, &
Miller, 2021; Bullock, Goldsmith, Zaki, et al., 2021; Calomeni
et al., 2020; Dittmayer et al., 2020; Goldsmith et al., 2020;
Kniss, 2020; Miller & Brealey, 2020; Miller & Goldsmith, 2020; Neil
et al., 2020; Roufosse et al., 2020). Additionally, more clinical and
research articles are now providing examples of structures observed
by EM in SARS-CoV-2 positive tissues that simply mimic viral particles
(e.g., coated vesicles and multivesicular bodies) (Calabrese et al., 2020;
Sharma et al., 2020).

With the aim of increasing accurate identification of coronavirus
particles in COVID-19 cases, we provide herein examples of coronavi-
rus particles as well as common subcellular structures that may be
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mistaken for viral particles. We also discuss complementary methods
for virus identification to support traditional EM data and review stud-
ies reporting the ultrastructural pathology of SARS-CoV-2 infection.

2 | ANATOMY OF A CORONAVIRUS
Members of the family Coronaviridae all have the same morphology
(Figure 1) (Almeida & Tyrrell, 1967; Goldsmith et al., 2004; Oshiro
et al., 1971). The following morphologic characteristics must be pre-
sent to conclusively identify suspected viral particles as coronavirus:
1) Coronaviruses are enveloped viruses that range in size from 60 nm
to 140 nm in diameter. 2) Coronaviruses have surface peplomers
(spikes) that may be visible on extracellular viral particles in thin
section preparations (tissue specimens embedded in epoxy resin).
Intracellular viral particles rarely have visible surface peplomers. The
surface peplomers are most clearly visible in negative stain prepara-
tions (liquid samples stained with a heavy metal salt solution)
(Hayat, 2000). 3) Intracellular viral particles are always contained
within cytoplasmic vacuoles. 4) Coronaviruses have a helical nucleo-
capsid that is visible in cross section as small electron-dense dots that
are 6-12 nm in diameter (Figure 1).

In addition to viral morphologic appearance, knowledge of the
viral replicative process is also essential in correctly identifying a coro-
navirus. All coronaviruses mature by budding through the membranes

FIGURE 1

Electron microscopic images of three isolates of different members of the family Coronaviridae that have caused serious disease in

recent years. (a) Severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1) from 2002-2003. Intracellular viral particles are held within
membrane-bound vacuoles (arrow), and extracellular viral particles line the cell surface (arrowhead). Scale bar: 1 pm. Inset: Higher magnification of
SARS-CoV-1 particles. Scale bar: 100 nm. (b) Intracellular (arrow) and extracellular (closed arrowhead) accumulations of Middle East respiratory
syndrome coronavirus (MERS-CoV). A clathrin-coated vesicle, often misidentified as coronavirus, is also visible free in the cytoplasm (open
arrowhead). Scale bar: 100 nm. (c) Severe acute respiratory syndrome coronavirus —2 (SARS-CoV-2) from 2020. Vacuole containing SARS-CoV-2
particles fused to the plasma membrane of an infected cell. Scale bar: 100 nm
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of the endoplasmic reticulum-Golgi complex, forming membrane-
bound vacuoles containing viral particles within the intracisternal
space (Goldsmith et al., 2004; Oshiro et al., 1971). Virions are then
released from the cell by exocytosis once the viral vacuole fuses with
the host cell plasma membrane (Figure 1c). Virus particles may stay
attached to the cell surface. The attachment of the mature particles to
the plasma membrane is a hallmark characteristic of coronaviruses
(Figure 1a); however, this does not preclude the release of viral parti-
cles away from the infected cell. Coronavirus replication may also
result in the formation of modified host cell membranes such as
double-membrane vesicles and convoluted membranes, though these
structures are not always observed in an infected cell (Knoops
et al., 2008; Snijder et al., 2020). Because of the mechanism of coro-
navirus replication, coronavirus particles will not be found free in the
cytoplasm, but instead will be held within membrane-bound vacuoles.
Details of coronavirus morphology and replication should be used as a
guide while attempting to identify the virus within an infected cell.

When analyzing autopsy tissues or formalin-fixed, paraffin-
embedded (FFPE) tissues, the morphologic characteristics of cor-
onaviruses may be difficult to perceive due to tissue autolysis and/or
the additional processing that FFPE tissues undergo prior to being
prepared for EM (Figure 2). In these cases, it is advisable to use addi-
tional diagnostic methods, such as immunohistochemistry (IHC) or in
situ hybridization (ISH), to demonstrate the presence of the virus in
tissue. For comparison, Figure 1 shows cell culture-grown isolates of
coronaviruses held within membrane-bound vacuoles with visible
cross sections through the nucleocapsids, while Figure 2 shows cor-
onaviruses from formalin-fixed and FFPE autopsy tissues. In well pre-
served autopsy tissues, coronavirus particles are easily identifiable
based on the morphologic features described above (Figure 2a). By
contrast, viral particles from FFPE autopsy tissues are generally
smaller in size due to shrinkage from processing and darker in appear-
ance, making the cross sections through the nucleocapsids more diffi-
cult to see, and they may be less well defined (Figures 2b,c). The
membranes of vacuolar accumulations of coronavirus particles are
also not as well defined as those in cell culture specimens but are still
visible (Figure 2b,c).

3 | CORONAVIRUS MISIDENTIFICATIONS

The misidentification of common subcellular structures as coronavirus
in patient and autopsy tissue specimens has been a prevalent problem
since the beginning of the COVID-19 pandemic. Between March
2020 and October 2021, at least 53 publications (Supplement) have
incorrectly identified host cell structures as virus. Though far less fre-
quent, examples of misidentified coronavirus can be found from the
2003 SARS-CoV-1 outbreak as well as from the 2012 MERS-CoV out-
break (Alsaad et al., 2018; Ding et al., 2004). Misidentifications of
SARS-CoV-2 particles have occurred in nearly every tissue of the
body (Table 1), leading to possible confusion as to whether the virus
itself is causing tissue damage throughout the body or if tissue dam-

age is a result of other factors, like the cytokine storm or downstream

TABLE 1
October 2021

Misidentifications of SARS-CoV-2 by tissue type as of

Tissue No. of publications

Lung 13

=
N

Kidney

Heart
Placenta
Intestine
Liver

Skin

Brain
Penis/Testis
Skeletal muscle
Salivary gland
Lymph nodes
Olfactory
Retina

Esophagus

P P, PP, P, R, P, NN OO U B 00

Fetal tissue

FIGURE 2 Coronaviruses detected in autopsy tissues. (a) Intracellular SARS-CoV-2 particles within a type Il pneumocyte from well preserved
autopsy tissue. The vacuolar membrane is clearly visible (arrowhead) as are the cross sections through the viral nucleocapsids (arrow). Scale bar:
100 nm. (b) Intracellular SARS-CoV-1 particles within a pneumocyte from formalin-fixed, paraffin-embedded (FFPE) autopsy tissue. Overall
ultrastructure is deteriorated with viral particles appearing smaller than normal and more electron dense. The vacuolar membrane is visible
(arrowhead) but appears less contiguous. Scale bar: 100 nm. Image reproduced from Shieh et al. (2005). (c) MERS-CoV particles in a deteriorating
cell within the lung from FFPE autopsy tissue. Portions of the vacuolar membrane are visible (arrowhead) as are cross sections through the viral
nucleocapsid on some viral particles (arrow). Image courtesy of Maureen Metcalfe, CDC. Scale bar: 100 nm
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complications due to lack of proper function of an infected organ
(Buja & Stone, 2021; Gustine & Jones, 2021; Perico et al., 2021). To
date, SARS-CoV-2 particles have been correctly identified by EM only
in the lung, heart, olfactory mucosa, and placenta (Birkhead
et al., 2021; Dittmayer et al., 2020; Martines et al., 2020; Meinhardt
et al., 2020; Nardacci et al, 2021; Reagan-Steiner et al., 2022).
Dittmayer et al. (2020), Martines et al. (2020), and Meinhardt
et al. (2020) provide the clearest examples of SARS-CoV-2 particles
directly in infected tissues and also provide further correlation of their
EM findings with other in situ SARS-CoV-2 detection methods, such
as IHC assays. The limited number of tissues in which the virus has
been correctly identified stands in stark contrast to the number of tis-
sues in which the virus has been incorrectly identified, which includes
lung, kidney, placenta, heart, liver, intestine, skin, testis, penis, and
brain (Table 1). Letters to the Editor and review articles have
attempted to address this ongoing issue, providing excellent examples
of coronavirus and normal cellular ultrastructure (Akilesh, Nicosia,
et al., 2021; Bullock, Goldsmith, & Miller, 2021; Bullock, Goldsmith,
Zaki, et al, 2021; Calomeni et al., 2020; Dittmayer et al.,, 2020;
Goldsmith et al., 2020; Kniss, 2020; Miller & Brealey, 2020; Miller &
Goldsmith, 2020; Neil et al., 2020; Reagan-Steiner et al., 2022;
Roufosse et al., 2020).

The subcellular structures misidentified as coronavirus have
remained consistent, with the most mistaken structures being
clathrin- or coatomer-coated vesicles (CCVs), multivesicular bodies
(MVBs), and circular cross sections through the rough endoplasmic
reticulum (RER) (Figure 1b-CCVs, Figure 3). By following the coronavi-
rus identification criteria described above, one can easily differentiate
a coronavirus particle from these more common cellular organelles
(Bullock, Goldsmith, & Miller, 2021; Bullock, Goldsmith, Zaki,
et al,, 2021). CCVs, MVBs, and RER all lack the internal electron-dense
black dots that signify cross-sections through the helical nucleocapsid
curled up within the virus particle. While CCVs have a generally
spherical shape and a fringe of spike-like clathrin or coatomer protein
surrounding the vesicle, CCVs are found free in the cytoplasm, unlike
coronaviruses which are found within membrane-bound vacuoles
(Figure 1b, Figure 3a). The ribosomes along circular cross-sections
through the RER may also have a spike-like appearance, but again,
these structures are found free within the cytoplasm and vary more
greatly in size than coronavirus particles (Figure 3b). MVBs are
membrane-bound but do not contain the dense dots created by cross
sections through the spiral-shaped, filamentous nucleocapsid that
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would be characteristic of a coronavirus (Figure 3c). Additionally, since
coronaviruses typically are present as large accumulations of virions,
finding just a single “particle” in a cell would be an indication that it
most likely is not a coronavirus. All these characteristics should be
kept in mind when attempting to differentiate a coronavirus from
other structures within a cell. Additionally, many published EM images
purporting to show coronavirus include structures that are entirely
unidentifiable due to the quality of the tissue. Successful identification
and differentiation of viral particles from other structures requires a
certain level of ultrastructural preservation which may not be possible

in some tissues due to autolysis or extensive tissue processing.

4 | COMPLEMENTARY METHODS FOR
VIRUS DETECTION

EM evidence of viral infection in tissue specimens should be
supported by additional methods of virus detection. IHC, ISH, and RT-
PCR are all able to help build a strong case for the presence of an
infectious agent, like coronavirus, within a tissue specimen. Further,
IHC and ISH can help to guide the search for coronavirus by EM
either through using FFPE samples for EM that have already tested
positive for the virus or by indicating which types of cells show posi-
tive staining (Martines et al, 2020; Meinhardt et al., 2020; Ng
et al., 2016; Shieh et al., 2005). Importantly, if the virus is not present
in high enough numbers to be detected by PCR, IHC, ISH, or other
sensitive methods, then the virus is unlikely to be visualizable using
EM. In situ techniques, like ISH and IHC, have been used successfully
to detect SARS-CoV-2 proteins and RNA in tissue specimens
(Bhatnagar et al., 2021; Borczuk et al., 2020; Bradley et al., 2020;
Martines et al., 2020; Meinhardt et al., 2020). These techniques pro-
vide valuable information regarding SARS-CoV-2 localization and, in
the case of ISH, where the virus may be actively replicating. Addition-
ally, ISH and IHC enable visualization of significantly larger areas of
tissue than EM, allowing for a more widespread analysis of the effects
of infection on tissue specimens. Multiple diagnostic methods should
be used to complement and verify results across several testing plat-
forms and to create a complete picture of the extent of infection.

An additional EM-based technique for detecting virus is immuno-
electron microscopy (IEM), which uses immunogold to label viral parti-
cles and may be used to support traditional EM findings. One way to
perform IEM is by omitting osmium staining and embedding infected

FIGURE 3

Subcellular structures commonly misidentified as coronavirus. (a) Clathrin-coated vesicles (CCVs; arrows). Scale bar: 500 nm.

(b) Circular cross sections through rough endoplasmic reticulum (RER; arrow). Scale bar: 500 nm. (c) Multivesicular body (MVB). Scale bar: 250 nm
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FIGURE 4 Immuno-electron microscopy (IEM) for SARS-CoV-2
using hyperimmune mouse ascites fluid raised against SARS-CoV-1.
(a) IEM of SARS-CoV-2 infected cell culture embedded in LR white
resin without osmification. Colloidal gold (electron dense, 12 nm black
dots) identifies areas immunoreactive with the SARS-CoV-1 antibody,
including vacuolar accumulations of presumed viral particles (arrow)
and nucleocapsid inclusions (arrowhead). Scale bar: 200 nm. (b) SARS-
CoV-2 infected cell culture osmicated and embedded using epoxy
resin. The ultrastructure of the infected cell, vacuolar accumulation of
coronavirus (arrows), and viral nucleocapsid inclusions (arrowheads)
are more clearly defined than in the LR white embedded sample. Scale
bar: 200 nm

cells in an acrylic resin (e.g., LR White, Electron Microscopy Sciences,
Hatfield, PA), which is somewhat more porous than the routine EM
epoxy (Goldsmith et al., 2003). A SARS-coronavirus specific antibody
is applied to a thin section, followed by a secondary antibody conju-
gated to colloidal gold particles. The gold particles appear as electron
dense black dots in areas where coronavirus is present or where the
protein that the primary antibody targets is present, such as nucleo-
capsid inclusions (Figure 4a, cell culture). Due to the embedding tech-
nique used for IEM (the lack of osmification, as osmium would
inactivate the immunological recognition of the antigen), the ultra-
structure is less well defined than in a traditionally embedded EM
sample. In Figure 4a, spherical structures consistent in size with coro-
navirus and in membrane-bound vacuoles are labeled with colloidal
gold as are more electron dense areas of the cytoplasm that are likely
nucleocapsid inclusions. For comparison, Figure 4b shows an area of a
traditionally embedded and osmicated EM specimen that contains

many of the same viral features as Figure 4a, that is, vacuolar

accumulations of coronavirus particles and nucleocapsid inclusions in
the cytoplasm. While the same FFPE block can be used for IHC, ISH,
and EM, the embedding technique used for IEM requires that a differ-
ent wet tissue specimen be selected for this process. As such, it is not
possible to examine by IEM the exact same FFPE tissue found positive
by light microscopy. Other methods for IEM exist, including ultrathin
cryosections, which expose viral antigens, but this method requires
special tissue preparation and also produces a result that requires
practiced interpretation since the ultrastructural appearance differs
from the conventional EM appearance. Grootemaat et al. have ele-
gantly used this technique to demonstrate antigens of coronavirus
grown in tissue culture (Grootemaat et al., 2022). Despite these limita-
tions, IEM can still be a valuable tool to confirm the presence of a
virus in cells.

5 | ULTRASTRUCTURAL CHANGES
CAUSED BY SARS-COV-2 INFECTION

An increasing number of articles have included descriptions of ultra-
changes in SARS-CoV-2 positive autopsy tissues
(Ackermann et al., 2020; Akilesh, Nast, et al., 2021; Deinhardt-Emmer,
Bottcher, et al., 2021; Deinhardt-Emmer, Wittschieber, et al., 2021;
Duarte-Neto et al., 2021; Like et al., 2020; Rizzo et al., 2021; Santana
et al., 2021; Saraiva et al., 2021). These articles do not necessarily

structural

include EM images of viral particles but describe possible ultrastruc-
tural alterations due to infection. Bear in mind that some ultrastruc-
tural changes may be due to or impacted by co-morbidities and/or
tissue autolysis, rather than exclusively a result of viral infection. Com-
parison of infected and healthy tissues is necessary, and correlation
with results of other diagnostic techniques is always recommended.
Respiratory system changes due to SARS-CoV-2 infection have been
most thoroughly described (Ackermann et al, 2020; Martines
et al, 2020; Santana et al, 2021; Saraiva et al., 2021). Type |
pneumocyte degeneration, type Il pneumocyte hyperplasia, and hya-
line membrane formation were common ultrastructural features of
SARS-CoV-2 infection (Martines et al., 2020; Santana et al., 2021). A
recent study of nasopharyngeal epithelial cells from SARS-CoV-2
infected individuals showed loss of microvilli and the primary cilium in
squamous cells as well as an increase in the number of multivesicular
bodies and autophagosomes when compared with specimens from
SARS-CoV-2 negative individuals (Saraiva et al., 2021). Santana et al.
further noted disruption of the epithelial-endothelial barrier, in addi-
tion to cellular debris and fibrin in the alveolar space and detachment
of type Il pneumocytes from the basement membrane (Santana
et al., 2021). Observations of vessel barrier damage are in agreement
with suggestions that these changes and increases in pro-
inflammatory cytokines contribute to the development of acute respi-
ratory distress syndrome in COVID-19 patients by mediating inflam-
matory cell infiltration in the lungs (Perico et al., 2021).

Multiple studies have observed that endothelial dysfunction is a
common occurrence in patients with severe COVID-19. Much of this

endothelial dysfunction involves vascular inflammation as well as
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perivascular T-cell recruitment that results in disruption of the
alveolar-capillary barrier and increased barrier permeability. Endothe-
lial dysfunction has been demonstrated in autopsy tissue specimens
as well as in cell culture systems designed to model the alveolar-
capillary barrier (Ackermann et al., 2020; Deinhardt-Emmer, Bottcher,
et al, 2021; Deinhardt-Emmer, Wittschieber, et al., 2021; Santana
et al., 2021). A study by Ackerman et al., comparing lung tissues from
patients who died from COVID-19 to those that had died from
influenza, demonstrated that more microthrombi were observed in
SARS-CoV-2 infected lungs. These researchers also observed intus-
susceptive angiogenesis both in early and in prolonged SARS-CoV-2
lung infection, and EM showed the formation of intussusceptive pil-
lars and distorted vessels with ruptured endothelial cells in the alveo-
lar septum (Ackermann et al., 2020; Duarte-Neto et al., 2021). Within
cardiac tissue, disrupted endothelial cells resulting in direct contact of
myocardial cells with the vascular lumen were noted in severe
COVID-19 cases (Duarte-Neto et al., 2021). Recent reviews of clinical
and autopsy studies from 2020 indicate that endothelial dysfunction
during SARS-CoV-2 infection, such as those seen by EM, are key to
inciting the inflammatory processes that cause more severe COVID-
19 (Buja & Stone, 2021; Perico et al., 2021).

Endothelial injury and acute kidney injury have been described in
kidney biopsy and autopsy specimens from SARS-CoV-2 positive
patients. Ultrastructural changes include widening of the glomerular
subendothelial space, acute tubular necrosis, and diffuse podocyte
foot-process effacement (Akilesh, Nast, et al, 2021; Sharma
et al., 2020). In cases of more severe kidney injury, there was evidence
of endothelial cell swelling and fibrin thrombi within glomerular hilar
arterioles. To date, no coronavirus particles have been found in the
kidney to suggest that kidney injury is due to direct infection. Kidney
injury, like damage in other non-respiratory tissues, may be caused by
cytokine-mediated effects and the inflammatory response as indicated
by the elevated levels of serum cytokines and inflammatory markers
in patients with severe COVID-19 (Doykov et al., 2020; Gustine &
Jones, 2021; Kudose et al., 2020). Lastly, Rizzo et al., described ultra-
structural changes to the microvilli of the intestine, noting areas of
shortened and disorganized microvilli that corresponded to the site of
a bleeding ulceration. These areas were also positive by IHC for
SARS-CoV-2 nucleocapsid protein (Rizzo et al., 2021).

The ultrastructural changes observed throughout disparate
organs highlight the effects that SARS-CoV-2 can have throughout
the body, whether through direct viral infection or mediated by
inflammatory and immune processes in other tissues. Importantly, the
studies discussed above underscore how it is possible to visualize the
ultrastructural damage due to SARS-CoV-2 infection without neces-

sarily observing the virus itself by EM.

6 | CONCLUSION
The COVID-19 pandemic has brought into focus the importance of
interdisciplinary collaborations to investigate all facets of disease

pathology. Including EM in the investigative repertoire enables
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researchers to take a close look at the ultrastructural changes caused
by viral infection and collect strong evidence of the presence of virus
in a tissue. ldentification of any virus by EM should be informed by
knowledge of viral ultrastructure and replication as well as familiarity
with subcellular ultrastructure (Ghadially, 1997, Haguenau &
Dalton, 1973; Maunsbach & Afzelius, 1998). In the case of cor-
onaviruses, intracellular viral particles will be held within membrane-
bound vacuoles, and extracellular particles will likely cluster along the
outside of the infected cell and may or may not have visible spikes.
The coronavirus particles will be 60 nm to 140 nm in diameter and
will show multiple electron dense cross sections through the helical
viral nucleocapsid. Successful identification of a coronavirus in
infected tissue requires all these morphologic criteria to be present.
Employing multiple methods of viral detection, including IHC, ISH,
PCR, and IEM, is always advisable for a more robust argument for the
presence of a virus within a tissue specimen.

Combining ultrastructural study with molecular, chemical, histo-
logic, and immunohistochemical data has enabled the building of a
more complete picture of the scope of SARS-CoV-2 infection. Obser-
vations of ultrastructural damage have emphasized the extent to
which COVID-19 is a systemic disease that can have manifestations
throughout the body, affecting even organs and tissues not directly
infected by SARS-CoV-2. By using EM as part of a multifaceted
approach, we can provide accurate and valuable information con-
cerning SARS-CoV-2 infection.
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